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high human populations around freshwater ecosystems along with their high species richness
Physiological studies:
Glucocorticoids (GC) are used as an indicator of stress in a wide array of animals and 120 chronic increases in GC levels can have detrimental effects on survival and reproduction 121 (Sheriff et al. 2011; Dantzer et al. 2014; Narayan 2016) . The mechanisms behind GC response consequences on the fishes' fitness (Crovo et al. 2015) . Research should include both acute and chronic measures when studying physiological stressors to determine if habituation comes 142 into play, as this could be important when determining if fitness will be impacted or if animals 143 can habituate to the stressor. Johansson and colleagues, presented motorboat noise to Eurasian 144 perch (Perca fluviatilis) and roach (Rutilus rutilus) in their natural environment and determined 145 after short-term noise exposure both species exhibited an increase in cortisol, whereas during 146 the long-term exposure (11 days) fish no longer had elevated cortisol levels, suggesting the 147 role of habituation. As outlined in a review by Madliger and Love (2014) there are two main 148 advantages to GC measurements; first, baseline levels can be obtained in one sample, therefore it 149 is not always essential for the animals to be sacrificed. Secondly, GC exhibit an essential role in 150 energy regulation, as anthropogenic disturbances may influence general energy expenditures GC 151 can provide a good insight on the organisms overall state (Madliger & Love 2014 for a long period of time exhibit a decrease in hearing threshold and an increase in cortisol and 176 glucose levels compared to controls (Smith et al. 2003 ). When exposed to three increments of 177 decibel levels (115, 130 and 150 dB re 1 µPa ) cultured juvenile rainbow trout (Oncorhynchus 178 mykiss) exhibit a significant difference in hearing threshold when compared to fish exposed to 179 ambient noise (Wysocki et al. 2007) . Rainbow trout are a member of the salmonid family and 180 have no known hearing specializations, unlike goldfish, so it was somewhat surprising that even 181 trout can exhibit a shift in hearing threshold when exposed to noise (Wysocki et al. 2007 ). Oscars 182 (Astronotus ocellatus) exposed to differing frequencies and intensities of sound show clear 183 evidence of auditory hair cell damage when exposed to sound at 400 Hz and 180 dB re 1 µPa and 184 allowed to survive for four days after treatment (Hastings et al. 1996) . Hybrid striped bass (Cross 185 between Morone chrysops and Morone saxatilis) and Mozambique tilapia (Oreochromis mossambicus) exhibit swim bladder ruptures, herniations and some instances of hair cell damage 187 when exposed to loud playbacks (210-216 dB re 1 µPa) of pile driving noise (Casper et al. 2013) . researcher uncovers that a fish species has damage or a threshold shift after exposure to 180 dB 205 re 1 µPa, this could provide pertinent information for conservation methods to protect the species 206 by limiting human activities in at-risk areas. The limited data on actual damage in freshwater fish 207 with anthropogenic noise makes regulatory and mitigation techniques limited in their 208 effectiveness; therefore in order to properly regulate noise levels for conservation methods the first step is to collect evidence regarding noise impacts on freshwater species (Popper et al.
Metabolic/ Ventilation Rate 212
The final physiological measure that is studied in aquatic ecosystems, although not as 213 commonly, is the impact of noise on metabolic rate. An example of increased metabolic rate 214 was observed when European eels (Anguilla anguilla) were exposed to motorboat noise as they 215 displayed a significant increase in oxygen usage compared to those in the control experiment, 216 leading to a physiological impairment of the eels in the treatment group (Simpson et al. 2014) .
217
This method is non-invasive , as determining oxygen content in water can be done through a 218 dissolved oxygen (DO) reader. Measuring ventilation rate of fish species is another method used 219 to indicate stress levels, usually measured by counting opercular beat rate (OBR). Nedelec et al.
220
(2016) discovered that short-term boat noise exposure resulted in an increase in OBR in a coral 221 reef fish (Dascyllus trimuculatus), however the effect decreased over long-term exposure, 222 indicating possible habituation to the noise. While measuring ventilation rate is a robust and easy 223 method to carry out, it can also be subjective based on the audience analyzing the response and 224 has some logistical issues. Ventilation frequency (VF) was used as an indicator of stress in Nile 225 tilapia, and based on inconsistency of results it was concluded that VF is not a good indicator of 226 stress and caution should be used when using this measure alone (Barreto & Valpato 2004) .
227
Using metabolic rate and ventilation frequency to determine a stress response fish can be 228 considered powerful as it is non-invasive and relatively easy to carry out, however, few studies 229 use these methods as indicators of stress in freshwater fish, therefore more research is needed to 230 determine the validity of his method. three different boat noise disturbances and discovered that fish exposed to canoe paddle noise 241 increased their heart rate 29%, 44% when exposed to an electric trolling motor and 67% when 242 exposed to a combustion motor. Detection of stress response is not always cut and dry as it is 
